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Crystal structure and low temperature physical properties of Ho2CoGa8
intermetallic antiferromagnet
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We have synthesized single crystalline samples of Ho2CoGa8 intermetallic compound using a
Ga-flux method. This compound crystallizes with a tetragonal structure, space group P4 /mmm, and
lattice parameters a=4.2195 Å and c=10.992 Å. This structure is a bilayer version of the
HoCoGa5 1-1-5 which hosts a series of heavy-fermion superconductors and complex
antiferromagnetic intermetallic systems. Measurements of magnetic susceptibility, heat capacity,
and electrical resistivity revealed that Ho2CoGa8 is a metallic Curie–Weiss paramagnet at high
temperature and presents an antiferromagnetic ordering below TN5 K. The low temperature
magnetic properties of this compound show the effects of tetragonal crystalline electrical field and
the Ruderman–Kittel–Kasuya–Yosid interactions and the results presented here are compared with
a broader description of the evolution of the low-T magnetic properties of structurally related series
of rare-earth based tetragonal 2-1-8 and 1-1-5 compounds. © 2008 American Institute of Physics.
DOI: 10.1063/1.2830801
I. INTRODUCTION
Systematic investigation along series of intermetallic
f-electron systems is usually used to follow the microscopic
role of the Ruderman–Kittel–Kasuya–Yosida RKKY mag-
netic interaction, crystalline electrical field CEF effects,
and Fermi surface effects of structurally related materials.
This task is particularly exciting in f-electron systems that
exhibit heavy-fermion HF behavior, where the Kondo ef-
fect and the strong hybridization between the f-electron and
the conduction electrons generates complex and interesting
many body phenomena.1
Among the HF materials, the HF superconductors
HFSs are even more peculiar as they present an intriguing
interplay between antiferromagnetism AFM and unconven-
tional superconductivity USC similar to the cuprates,
non-Fermi-liquid NFL behavior, and quantum criticality.1
The family of structurally related HFS CemMIn3m+2 M
=Co, Rh, or Ir, m=1,2 forms in structures that can be
thought as a hybrid of CeIn3 and MIn2 layers, and the index
m represents the number of CeIn3 layers alternating with the
MIn2 blocks along the c axis.
2 As such, they have provided a
great opportunity to explore, in very nice single crystals of
structurally related compounds, a tunable variety of ground
states such as AFM, USC, NFL, and Fermi liquid FL be-
havior found in specific regions of their rich phases
diagrams.2–5
The intense scientific investigation of this family has led
to the discovery of the first Pu-based USC, PuCoGa5 with a
TC18 K, and other Ga-based structurally relatives of the
CemMIn3m+2.
6,7
As the HFSs in the CemMIn3m+2 series are presumably
magnetically mediated, studies of non-Kondo isostructural
RmMIn3m+2 R=Nd,Gd,Tb magnetic materials have been
used to investigate the evolution of the f-local magnetism in
these series.8–11 However, not as many works have yet been
focused in the Ga-based magnetic analogs.12 On the other
hand, among rare-earth series, Ho-based intermetallic com-
pounds even pure metallic Ho are usually particularly in-
teresting for showing complex magnetism and magnetic
structures.12,13
In this work, we report measurements of magnetic sus-
ceptibility, heat capacity, and electrical resistivity in
Ho2CoGa8 single crystals. Our results show that this com-
pound orders antiferromagnetically with a TN5 K. In the
paramagnetic state, the magnetic susceptibility is anisotropic
with a higher susceptibility for the field applied along the c
axis. The entropy covered at TN5 K is roughly 1.5R ln 2.
Our results suggest that the CEF trends observed for the
RmMIn3m+2 series are also present in the Ga-based analogs.
II. EXPERIMENT
Single crystalline samples of Ho2CoGa8 were grown
from gallium flux as described previously.6 The crystals grew
as plates with the c axis perpendicular to the large face. The
tetragonal structure14 and unit cell parameters a
=4.2195 Å and c=10.992 Å were confirmed by x-ray
powder diffraction. Magnetization measurements were per-
formed using a commercial Quantum Design superconduct-
ing quantum interference device SQUID. Specific heat and
electrical resistivity were performed in a Quantum Design
physical property measurement system PPMS. The
specific-heat setup uses a small mass calorimeter that em-
ploys a quasiadiabatic thermal relaxation technique. The re-
sistivity was measured using the low-frequency dc resistance
bridge and four-contact configuration on single crystals free
of surface contamination by residual Ga flux.aElectronic mail: cadriano@ifi.unicamp.br
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III. RESULTS AND DISCUSSION
Figure 1 presents the temperature dependence of the
magnetic susceptibility measured for a magnetic field H
=1 kOe applied parallel  and perpendicular  to the c
axis for singles crystals of Ho2CoGa8. The dashed line on the
right axis shows the susceptibility inverse of the polycrystal-
line average data taken as poly=  +2 /3. The results
show antiferromagnetic order for TN5.1 K and a small an-
isotropy below 100 K with an easy axis in the c axis, in
agreement to what was found for the compounds in the In-
based RmMIn3m+2 M =Co, Rh, or Ir, m=1,2 except
Gd.8,10–12 The ratio  / taken at TN is mainly determined
by the tetragonal CEF and it reflects to same extent the CEF
anisotropy. The ratio  /1.2 found for Ho2CoGa8 is
comparable to that for HoCoGa5,
12 and smaller than that in
the In-based compounds.8,10–12 Fits from the inverse of
polyT for T50 K using a Curie–Weiss law yielding the
effective magnetic moment eff=101B and the paramag-
netic Curie–Weiss temperature p=−91 K.
The temperature dependence of the specific-heat divided
by temperature and the corresponding magnetic entropy in-
set are plotted in Fig. 2. To calculate the magnetic entropy,
the phonon contribution was estimated from the specific-heat
data of Y2CoGa8 and subtracted from the total specific heat
of the Ho2CoGa8. The Néel temperature obtained from the
peak at the magnetic specific-heat data is in good agreement
with the temperatures where the maximum in the magnetic
susceptibility occurs Fig. 1. The magnetic entropy recov-
ered at the transition is 1.5R ln 2 inset of Fig. 2. At lower
temperatures a second small anomaly can be observed at
2.5 K.
The temperature dependence of the electrical resistivity
for Ho2CoGa8 is plotted in Fig. 3. The room-temperature
value of the electrical resistivity is about 150  cm and the
high temperature data show a weak metallic behavior for this
compound. At low temperatures, a clear kink can be seen
around TN. The resistivity of the single crystals of Ho2CoGa8
is roughly one order of magnitude larger than the resistivity
of the RCoGa5 compounds, a trend also found in the In-
based materials.2,15 A second feature is also observed at
2.5 K in the resistivity data. The AFM transition at TN
5 K and the additional anomaly at 2.5 K were found to
be reproducible in many crystals for the same and from dif-
ferent batches. Although based on the present data we cannot
make any conclusion about the origin of this anomaly, it may
be related to an additional phase transition within the ordered
state as it was found for parent compounds in the In-based
series.10,16–18
In order to discuss the present results in a broader pro-
spective including the In-based 1-1-5 and 2-1-8 families one
needs to compare the reported results initially with their ex-
isting Ho-based counterparts in Ga- and In-based families.
To the best of our knowledge there is in the In-based family
HoRhIn5 which orders antiferromagnetically at TN=15.8 K
that is enhanced with respect to its value in cubic analog
HoIn3 TN=11 K.
18 HoCoGa5 also orders antiferromagneti-
cally with a TN=9.5 K,
12 which is roughly two times larger
than that for Ho2CoGa8 but smaller than the TN=15.8 K of
HoRhIn5. In the case of the Ho-based Ga, the HoGa3 cannot
FIG. 1. Temperature dependence of the magnetic susceptibility for
Ho2CoGa8, for H=1 kOe applied parallel  open circles and perpen-
dicular  to the c axis open squares. The solid lines are the best fits to
the data for both directions using our mean-field model. The temperature
dependence of the susceptibility inverse of the polycrystalline average is
represented on the right axis dashed line. The inset shows the low-T mag-
netic susceptibility data.
FIG. 2. Specific-heat data divided by temperature as a function of tempera-
ture for Ho2CoGa8 open circles, Y2CoGa8 solid line, and the subtraction
Cm solid circles. The inset shows the magnetic entropy in the temperature
range 2T10 K for Ho2CoGa8.
FIG. 3. Temperature dependence of the electrical resistivity for Ho2CoGa8.
The current has been applied parallel in the ab plane. The inset shows the
low-T range.
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be used as a cubic parent compound because it forms in a
hexagonal structure.19 Therefore, comparing the TN values
within their respective families, TN seems to increase as a
function of the enhancement of the tetragonal character of
the compounds HoIn3–HoRhIn5 and Ho2CoGa8–HoCoGa5.
In fact, it has been argued theoretically and experimen-
tally that in the In-based RmMIn3m+2 M =Rh or Ir, m=1,2
family, for R=Ce, Nd, Sm, and Tb, tetragonal materials
whose ordered moments point along the c axis materials,
RmMIn3m+2 TN is significantly enhanced by the tetragonal
CEF when its is compared to that for their cubic RIn3
relatives.8,10,16
Although the studies of the Ga-based 1-1-5 and 2-1-8 are
just being initiated, the reported results suggest that the CEF
trend of the TN evolution observed for the In-based relatives
is likely to be present in the Ga-based families as well.
A detailed CEF study including fits to the existing data
and additional experiments of electron spin resonance are in
progress to confirm the claims the above. Inelastic neutron
scattering experiments in Ho2CoGa8 for a more direct deter-
mination of the CEF scheme of level for this compound is
desirable.
IV. CONCLUSION
Measurements of magnetic susceptibility, heat capacity,
and electrical resistivity in single crystal Ho2CoGa8 are re-
ported. This compound orders antiferromagnetically with a
TN5 K, and the high-T anisotropic magnetic susceptibility
is higher for the field applied along the c axis which is
smaller than its value for the single layer parent compound
In the paramagnetic state. The entropy covered TN5 K was
roughly 1.5R ln 2. The reduced TN5 K of Ho2CoGa8 when
compared to its value for the single layer parent compound
HoCoGa5 TN=9.5 K suggest the presence of CEF trend in
determining TN similar to what was found for the RmMIn3m+2
R=Ce, Nd, Sm, and Tb, M =Rh or Ir, m=1,2 compounds.
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